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(54) IMAGE PROCESSING METHOD AND IMAGE PROCESSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image processing method 
for noise suppression and sharpness emphasis of a digital image 
where granularity is suppressed and image sharpness is emphasized 
without causing unnatural artifact resulting from discontinuity of a 
border of a granularity eliminating area and a sharpness emphasis 
area and to provide an image processor to execute this method. 
SOLUTION: Sharpness emphasis and smoothing are applied to an 
original image to obtain image data intermingled with an object image 
edge and granular data, edges are detected from the original image to 
obtain weighted data of a granular area, the weight data are multiplied 
by the intermingled image data consisting of the edges and the 
granular data to obtain granular data in a granular area for each color, 
a local granular coefficient representing a spatial magnitude of 
granular density fluctuation and a characteristic of the magnitude of 
the fluctuation on the basis of the granular data in each color, a 
black/ white granular component and a color granular component are 
identified and separated, and a black/white granular suppression 
component and a color granular suppression component are obtained 
by multiplying respective suppression coefficients by the black/white 
granular component and the color granular component Then the 
black/white granular suppression component and color granular 
suppression component are selectively eliminated from the sharpness 
emphasis image. 
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xs»tt{bUfcs/*-x*x8WH«^-$'&fpi«u 

weSc^iBfifex-yi?i!e«a:oisaEia#7 ; -^tc. m 
me -> * - x* x m mmm^- 9 & *> mvzm mnmnm 

&fttm&&m$LttmMtfLfti:&M1Rff3\Zffc3i?Z> Z b. 

-7*^mmmzntz.9&wmm&v?i8.?z>z\L&¥f 

m\zm&$t\tz.mmfr*>mmiR®mm:i,z&-?Tw.m-2n 
□ x xtmi&Tis j; t^stffcfitt^ < t fe -^ic «t 

#/\d^ Wbffi'&T&£tf^ffi&T<zv>&< it,-* 

>tf\Z£Z*:7\/<D'J>tS.< tt,—Z>&<£tsm*%m 1 £fc 

t>. ■«t*cc©iii«*fc:$*nae«»*i»tty-f 

X * #tfMb L fc -> -v - X* X temmmr- 9 SrfPfiKT *> 

^-x^xjasgKi:. 



WEHiBfftT 1 — 9 ft* <b X y ttS £fif o TS?«:i v V 
«*ttittffi*S:ll»J-r*fc«&©Xy -/Slffll^Wlt 
5* - * * * » * X -y 5?« til <h . 

mie -> * - x* x satnH®^-* a> e. miem a m 
tccfco. &i*a«aiiw3ft. a^x-y zsmmzm-tzis* 

[0 0 0 1 ] 

x*x£3£pr 5-5* -r -J9)vmm<on^m^i 

[0 0 0 2] 

iriiu wmmt)-7>) >9r~aiti-Tz>£.?tz ; T'< i?9)i 
x&itw&v. ^n^m^^t^mzmki^^v^fviy 

7>7 J )V9 J $>7y : s\ — -f-?7,9 (USM) l:i5-> 
r-X^X3tP^fTtonTViS. LA^L. H««5->-v- 

7*xtffa±.?&bmzwm*o>m.w. j Px*x-rm<nm 

[0 0 0 3] Wfc. »«»CffltJ*«tt[*5-^*S53tt*t 

itt&mAizmzW'Mmf- (epo isooiha 

W^tctt. ±IE^*tt'*tcJ;^->^-X^X^P^a^ 



©<h&5. 
[0 0 0 4] 

T&O. ^*©«fc5fc^#tl$&HfcKtiif J*fcV>t>©-C 

[0005] ±aofc«e*©ta:tt«iiw • ->v- 

^;piifi«r»ia*ai»©^. -r&*>-&, £±-*»#«©x27 
^^■■v^aBflKoHflfce^fitttt^eicaiiwsn, mm 

h^^^we^m, » -5 titters*©— 
[0006] *^bj«. ±iea*««a>*j6***-rfc 

oi^aMiADywtMf ^>9iflkCtt7- 

K (->r-X*x) t>u<tt*©lR;«ia*S;** 

ICS*.* <h 1^-3 *,6^>, 3>h5X h©{gt^l!{§!ff 

mzts.Qwmz^&mts. 7-3-7 r? hauasnstn 
^^sttwi-rifflasfTix-r ^jutoy-f xun 
cn€*KT*iii*iaa8H*«{fc-ra c tzE&t-r 



[0 0 0 7 ] 

tc #5g9i«. 5t-r. i^a^^-^cv'-v-x^x^is 
x&m&titLfci'Y—T'z-z.&ffimmT-?*: 
itwmT-?&t¥!$.i<> wie^r-x^x^pia^- 
!i«anfc*?#itoiyyt. u < ->r-x*x 

& % wt © mm * # $ t * 1* © * * $ © 4* « * a? -r r Rf 

*X!*»ia*5 i -3'*»e.WE«RSett«llW«S»4:WEfe 

Atfflia £ n . b{£x ismm \z& it -a -> - x* x ?ip 
V9 )imm.<D j -r x«i3itj*5 «t y:-> -v - x^x^p©^* 

[0 0 0 8] *7t. *^hj«, na»-r-^»c->^-X 
©tt * ^ « y -f X £ i¥ittfl2 U -> -v - X* X 

s^Mffiiat. tfrfavr-X^x^PH^-^^ 

snitsttt. *«iBffi-r*«[^*iii«xy^tit«t© 

t. flatEMlB^^-^^exy ^ttS^ff ^TS?ftI 
yS?«*tett«**«»JT*fcJi>OXy >?«*©«* 
5*- ^ **« * x y 5?«m« <t . C © X s» iSM®<D 

i©^fe©^tt^-^^b, ia«c«fc*aifs*i!iofflini 

W^:^Si:^®j©^:^$©#M4^-r^Eif^!ia««^:^ 



* x ®m<D tztb co ia^ma^MSr it mr z> t> © -c * * . 

[0 0 0 9] CCtf. MGJKBflt?*— jrttMtt*?--? 
[0 0 10] Sfe, lttEXy^«U»4»Bf»«l*iCtC«t 

ja«ffl)$a«iUT«!K^y-i'X^*^o sio 

[0 0 1 l] *mW\z&^Tte. 5fct\ #^-HH«!tc 

mm*\z^&nznvi • *g# (/-fx) Sr^icii^ftL 

Mz.i£R (#) . G (») , B (#) ©J&ttfi^b, 

m&&wt&mmx<nMm<Dmmz£9$iCz>mne>& 
3t»»o*iH« a a y >{tm%L^ j $>m.m&%L?\z «t « n 

[0 0 12] #5B9B©H«fflS#S:*5«fctf8«l;:jSffl3 

^fev'v-^xannc^oafflftsnTtJO. ^©& 



[0 0 13] 

-TXWa43j:c^->r-X^X5iP©fe»©H^jaa*ft 
» S% SEfisj (c So* n T P*ffl \z M m T Z> . 

[0014] m ni. ^sfiwc^sB^aasgessa* 

X3£B3©B««aS£fT^. ^7-B^5rttl^-r-2)*7- 
I«StyXfA©^D7?B-*f^4. 0211 #3gBj§ 

\z&zwm&mjim&nm-rzmmmm%i&<»-mmm 

<Z>7a-yi?m-V&Z>. 0 3fi. ^fgBJCB^fflJlyjfcS© 

«t, rt^-Bfcx-^tbTR (*) . G (#) *5 JcO* 
B (W) ©3fe©fex-3*?r^;g^Ji:bTi5eBJT-5Ai, 

*^Bj«cntcK^an7S:^. 

[0 0 1 5 ] m 1 <,Z^-?£o\Z. *7-BiS4->Xf 

t. mmAJimmi 2frz>AJ]-2nz>Atimm7 : -5'iz 
wimnmmmmtthiz^mmo)^^ ¥5>)vw®.<d;i 
X«i$iJ*5«t^'>-v-X^x^©>fci*©iii#5as*JSb 
T. tiifimm^-^ I i ^IMISSUi:, B 

Miigi 4^e>tB^an^>m^iii#7'-^ 1 1 ics 

■J^TXU >hB*£fc£©#5-Bf$£ffl;>J-f-£B®tt! 

Mil 6 t&jurr*. 

[0 0 l 6] ia^A^SBl 2 f±. v^^rt^-B 

-h^f-f7, PCA-K&i'CO^SftX^iJ-tF 
D. Z i p&t'W&^fe^&tt^MO. MD&t'COfii 
gESKSft^CD-ROM, P h o t o-CD&t'©* 

nmmfou z & h 7^ ^ Lif-f v*^ )vmm^- pel 

T&*tH-f H7-f A*. :tlbJ)T-f >*5';Hliftx-rS'$: 



3. - * & i: £*H If £ C £ # -5 . 

[0017} a#m^^s i 6 «. s^aa^-^ 

J?, U— tf/U OS'v'x-yK T A 

uacom* oJiftcDT: j ~j^)vtsv— yj cos 

[0018] ^^Bjw^t-r^Bi^JaS^fi 1 4tt. 
ItAAill 2^bCOA#Hf§tx-^cofi&=fctfP!^ 

-cm^-t^r^isbizmm^m^xmmmy"-^ io ztttft 

f-2>fe • ifllS l8t, ccofi • PH^aSB i 8 (c 

g ^ nfe h^^- ^ icso* nTS*feia^ ^^^-r h 0 
2 2 t^w-rs. 

[0 0 19] Z\Z\X. PH^aSEl 8tt. HHtiA* 
ill 2^<=,A^3n&A#iB#?-*<afi£;J;tfiBT 

(pgn) <©s^i±*is#aj^sei 6(c*d^tjSie(c^ 

Itsb&i&Miik^ — i? io Sf^fiUf 5fe©TS0. :ct 

IE. Pgf31«IE. 2§S (HJ££) ffilE, SfcflEifjE. <B*S£ 
&. -y i7 ls>iS<D!£m - t'COil* CD 

[0 0 2 0 ] m&^-f • ia#5!lSA^^-^|g^g|52 

iS^^^^SCill^A^^^l 2*^A^3$nfcA 
^Bfiix-^{cS^TA#Hf|j£«*T3 
£CDli^x^£ffl^T (#JAtfGU I &<*fl;:J;oT) 

a^jh^^-^ ice • is^ aaaas i 8 *3 j;^*^h^coh 

i^ia^JaSgB 2 OT-fT^&ScoH&Maco/^*-^*: 

la^L&^T-y-x-^*-*- Puzo?-* \-hmizz. 

-3TWLfe-?Z>fzV><Dh<DT'$>Z>. Z.Z.X', tSJgSn-SA 



±mbtc&m<?)&wzm^z > tiz>miE& 

A 5> ;* - * & t* 2: ^ tf 3 £ £ T € 3 . 
[0 0 2 1 ] *%^©H«^S*SS:SIJfi-r-5te!K«lSiJ 

2 Ott. • 8Tf£/&5*nfcH 
HHftx— * io lc#fgHJ3<B#&iTS&!(*WiW • ->•*-- 

[0022] ^Hfitfflaa^ o«, ia2tc^-r 

±51:, JMB^^— ^ I o lZi"r-7*7>mmmW&ft 
f-^Is &^fi£-r^-> J f-7'^X^M©ag|52 4 

mmm^-^u \zw-mitmmzfr-oT. w-mitmm^ 

-9 II *fP«"rS¥»<fcffl31«2 6 t. ->Y-7*X 

MHHflkT 1 -* I s A^sPHHtH*^-:* I L 

T . *C->t-^!l«Snft tt9#Btt COX y v i 

8<h. litf-? I o ^tiiSrfToT. 

#:x -y ->*^« t et»cSi^ <fc *Sd9JT 5 CO X -y 

E 0 ^^853 0 <h. CCOX-y i^^^Eo 

*^^«^^com^#itx-^w G 

2 8T't#^tlfc^ffiH^^-37 A I EGt'^COSt^^CO 
S^ttx-^Wc ^^DTSttM^COfetlc^-^Go 
£R, G, BCOS-feefC^i*. CCOR, G, BCO^t^ 

-^G 0 /NnyyftSM^tStifi?' 
Dye JE-n^nw^tc^-ti^nottifWiRft 

aAg<ta D ye ^^UTHeettWJSJPg^G' AgifeSSt© 
ttttHW^G" Dye t **»*«ttt«»«9J«La» 3 4 

t. -> j f-x^x3^ia®agi5 2 4^eg$n^->^-7 p 

^X^SSHIfex-^ Is ^£Hfi:fttttt]fHfi£#G' Agt 
fem«^tt«I^<Jfi)c»G• Dye i *?l UTS^WlC^S 

ti/T, amaiaia^x-^ 1 1 *fpj«-r*a*ia«« 

[0 0 2 3 ] 02 tC^-riSittffllfM • ->-v-y^^3Siaia 

^ssb 2 o (i. s*ss»cK±©J:'5tc«ii«an**». 

[0 0 2 4] *«BJtC*3^Ttt, S2*3cfcZ>'l2l3 (C^f 



-:/*X3$lS$!i3Igl$2 4(C:fe^Tv' J r-7°*XSi5fSB{$! 
IS*- ¥»ftffla«2 6K*JHT¥»fl:H«lL 
j*L, X>y v • m.tf.m&f&fttmtiW2 8Ct3^TX7 v 

3?©?ji£fCct;9IIB{gilo ^6*»fcB«fOlft^flE© 

*«*tttt«*i**«3 2 tC*5^TX^i?fi£»E 0 
«ttt««oa*f+»t7*-^W G (x, y) 
[0 0 2 5] tt«j«»«l9Jffla«3 4»C*J«r>T, 5fcf. 

^•Mtt^m^-^WG (x, y) Srffl^T. StfCXyv* 
• ^W^ffifig^tSmSB 2 8 T**&X >y S> • 
fflWHMiT^—? A I eg (x, y) 7^e>. X-y >*fiSii£©X-y 

vee^Eo itt#«*©*Mfafc$i , Go *itt»ju j&tt 

f*#G 0 R, G, B©#£«{C«lfiiT&. " 

<t* © e> & * jr a e« t t a^«e u 

TV><5©T, fetKfi&ft-Go «. 3 etcHa!|Si«i:fe^e 
tt©»ffi»****RfflrtfcU fil3fWiatt«RGL (x, 
y) SjR«k cntC*tJ^TW*Sr»»JL/. 6 

3Q:«jme»j|*riE»G A gte*sttj«»GDye ttc^gs-r 

5. ai>T, HesK«B£»G A g<tfe^fe«J«»GDye £ 
K-?-n-€-*n©«lffl#ISCa!Ag£aDye ^itTIfiMfll 
IHl5K#G' Agtfe*S«ffil$lJB£»G• D ye 
[0 0 2 6] HJ#B&i£3?ffl5 3 6 fCfe^T. > 

mmm?-? is a»s*la«ittttl«JES#G , Ag tfe^^ 

ttHHHsRa-G' Dye t^?ltItT. BUttBftgm 1 6 

^tb^-r-5>^i*©tij^ii#T : -^<i: lt. m.vtt>mM2 
n. h^x -y iz& if z> > -v - 7* x t^&eh $ nfc 

fttlfflllttll SfSCt^Tfl.. 
[0 0 2 7] 

#fg93ffl<tt®«, i ) SfcT, HB&a>£->V — :/*X3$ 
HISH»t¥»flSia&£:£fl^U x-y >? • ^jgffi©H 

ii) ^©x-y • fettrlffilitti^-^b. giJiiUBftt 
iv) ne»^fi!c^i:e9gS«BK^i:{C^-n-€-*n©ffll©J^ 

sctcioT. ««**©tt«*«iiwr*. c©t 



[0 0 2 8] ^IC. *»W©HfcfflS;tfft©&lSK:-3 
l»TB3 (*3^aCEl2) «r»flaL/TfBim(C«l?Br*. 

1) yt-^^SiPttg (->r-5 r *X»W«iaBI5 2 
4(Cj;&) 

VX^ (Gaussian US M) . fe5^(j;77*7y7>7-f 
Jl^Srffll^T. l^H^Io (ca^©t^tlEl«i:->Y — 7 
*X|6j±©fc#©3£8H*fT<^. yt-^X^illl 
S ^rStcJt)'!). 

2) X<yS? • ttttgtt(8#©ttfcBIg (Xyi?-tt«S 
ft/£tt«IttigB2 8(C«fci)) 

W^.H SitOnXn ©¥*&•«: if© ¥^fb-S> 

liim^sffl^Tiiiio ©¥«tflsB«iL £f£»£ 

-y**>;^IBB{£ I s *6i»y^ • et^SifcW^iB^T 1 
A I EG*f^eEt--5. 
[0 0 2 9] 3) X-y^«<h¥fi®#E©S*f*ttfli» 
©Bffllg (tttt«*a*Wt«»JflJ|C«3 2C«t*) 

«iffW#«*©xy^*ftffivx*&m>TKia*io 

tc=fc-5) . ^©x-y v^*>e>ffil»Jbitli)|£«©»-5¥ 

[0030] 4) xy5?t«ctt©anB'j • »«xe (tttt 

J5£^i^S'J^aSB 3 4tc<fc3) 

fti:#ftfei'>y • tiLWtmtEvmmmmT 1 -? A IegK 

5) iaeM»tfi*ttt^»0i!'i • KMT.n «a 
r, g, B©j4ttfi6»Go /\ay>its&n^- tm 

«©jtt^c«fc««^©*»i©av> (^P B ^W^:#^i:aa 

^S)©^^$) s^suL-r, nam«^^G A gife*iK 

jsieettric^-GAgtfisRettrit^GDye K^ft^nwwi 
s«jt Sea Agio Dye s-»tt/tfe©S:. ^n^niafitt 

»fHJ«»GAg' <hfe*fett«l©J^»GDye ' <tT*. 

[0031] 7) j/t-7**xaw«*6se»ttt 
e*^«©«isijxe (e^5!iaia#©»mxs) cm* 

©fcHSfettttlftllfiE^GAg* tfi*fi[tt«lSlJ«»GDye 
S:K;SC-r-5)C«i:(C<t 0. I^WiSl I o ©fe^*X-y 

*»©S&aB«Rli *38WC*i«r»Ttt. £t±© 



ett • x^>?«»<o»aESE»AD03p*a 

(RMS) CS^ta»i^C(i:!)Tt 
Stt • y< XSrJflJfWU ^Oyt-^X^ 

[0 0 3 2 ] *»W©HflMtt31*ffi*J:rX««JC*liT 

^KB«, r-r s?*;u#*5£cfc***BHfc, BUM. & 
>, 3 > t? jl — & (D C RT, K»3i£©a^ttltJC«« 
f?fg8 0 0, 1 1 4 A#©*ld«| 1 - 5 tEtStltU 

is (x, y) = I o (x. y) + a [I 

[0 0 3 4] 7^7-/7X1 mm i o (x, y) <D—Amtt 

i s (x, y) = I o(x. y) -v 2 I 
7^7'>7>lC«fc^yt- ^X^ftftM^W 4: U 

0-10 -1 -1 -1 
-1 5-1 -19 -1 
0-10 -1 -1 -1 

[0 0 3 5] zn&mmT'fc. wc*^*— 

G(x. y) = (l/2 7ta 2 )exp[- (x 2 
a 2 «IEM^K^c7)i£^0^^T/\ o 9^-^ 

G(xi,0) /G (0, 0)=exp[-xi 2 /2 
*<0. 1-1. 0 £teZ>£?\zmmTZ>Zt\Z£-DT, 
3 x 3 07>yf- ^VX^©'>^ — ystBfHOfeCD 
ttSCt^TSS. ±IBSC (5) (BfflSrl. OlCifit^ 
ffllC-rsi. SC (3) 0l»ife07^y7>7^Mi: 



G, B©7>^Afty<X(Offii:, A #S 

Mir (CCD^MOSi) ^mm^rt^ XftifOS^A 
^->y<XW U7y>^lJ;5 : E7l/f0R, 
G,- BOfefflMSr^rr^cfcSft, *>L<ttfifflM<03£l> 
/-fX*7-f77> hT»oTt»A^ 
[0 0 3 3 ] ^tC, *:^BJ^a^S!ia^SO&X|it-0 

i) *-*\ vv-^xsfiwxs^^^iTittBj-rso 

7>yt-yv7^7 (Unsharp masking, USM) i£ ^ :/ 
5 vTXLaplacian) ^6<ae>nri^c *569!k:43 

m? Sut^S. 7>yt-7 p vx^H ^C^coj: 
3i:KIt l 0 (x,y)^b, I o (x, y) *¥*5ffc 
*>LfcH«< I 0 (x. y)>*5lViT*«>fcXy i;»W*» 

i o (x. y) -< i o (x. y) >k«r a zmirmmm 1 0 

y) lcjQJM-*£il::.fcoT\ v^-7*x&iJlH«l s 
(x, y) £*&£?jffiT$>£<, 

(x.y)-<I 0 (x. y)» (l) 

(7^7y7» V 2 l 0 (x.y)*KH«^&5l<ili:^ 

fey) (2) 

1 -2 1 
-2 5 -2 (3) 
1 -2 1 

IC, #5£BylTi;i5£ (4) lZ7xLtc£oUiEMft1fiM(GsiU 
ssian) cm£ttgS&£m^T >~>i*-- 7"vxy^^5 

y 2 )/2a 2 ] (4) 
x= 0 fc&tt^fi^it, 

r 2 ] (5) 

yjffi^SO, fc<hx.tf5X5, 7X7, 9X9H©7X 

[0 0 3 6 ] -?X?<DM$tl&£LTh. _hf£<DIE 

t>0>. fc(hAH Tttt (6) Oct 5 ft 



E(x, y)=exp[-(x 2 + y 2 ) 1/2 /a] (6) 
ate±fB5£ (4) (Do 2 tm%k\Z7>^>r-Zf t&t VX i7 CD^^M^tt, 

E(xi.O)/E(0.0)=exp[-xi/a] (7) 
#0. 1-1. 0 t«:*ct3CH«-r«^t»Cckt?T, 0. 3tbfei:^<Da: (6) <OJBScHaco-7Xi7< 

tfSCi^**. (8) E(xi. 0)/E(0. 0) = 

0. 18 0. 30 0. 18 

0.30 1.00 0.30 ( 8) 

0.18 0.30 0.18 

z>->^— zf-?7s#<D i M£ff-®-f& #3; (9) Ocfc^fOiSo 

-0.12 -0.22 -0.12 

-0.21 2.32 -0.21 (9) 
-0.12 -0.21 -0.12 

[0 0 3 7 ] :®J;^ t j:7>yt-^X^^^T, Ttt, l»»t-*IH*^#(D?P**»¥^«*»» UT* 

UBii o(x,y)^6'>^-y^x^H#i s (x. y) * (Dimzm^m^^m, &mm\zm&%&* frt^&TE 

[0 0 3 8 ] 2) ^C«C¥»ftXS«Ct3(riTKWr*. [0 0 3 9 ] 

¥»{k*fr3*ffii:LTtt, ^Bl^ffili^H [ft 1 ] 

I l (x.y) = — Z I o;(x,y) (10) 

[0 0 4 0] fcfzL. n^lt^VX^t^XT** Ttt, TfE<££3&n X n ©iKZ) ^ £JB V>3<DtW? 

•So ^K^Tte, *3SIB««ffl3a© + T* IEM#^<£> MMl:tt3X3^6 5X5, 7X7, 9X9 

wi l wj2 wi3 win 

W21 W22 W23 W2n 

W31 W32 W33 W3n 

• • • • (1 1) 

w n i w n 2 w n3 w nn 

[0 04 1] 5 (12) IZ9 X 9Mm<D-7 7,i7<£>— 09 S: /zflT^LT^£^\ SlK$CDJ!lSTte*7X i7 ^#<Oft*< 

COS; (12) Tte^'kOfiS: 1 . OfCIEMftU 1. 0 K&*<k 5 tCt^o 

0.09 0.15 0.22 0.28 0.30 0.28 0.22 0.15 0.09 

0.15 0.26 0.38 0.47 0.51 0.47 0.38 0.26 0.15 

0. 22 0. 38 0. 55 0. 69 0. 74 0. 69 0. 55 0. 38 0. 22 

0.28 0.47 0.69 0.86 0.93 0.86 0.69 0.47 0.28 

0. 30 0. 5 1 0. 74 0. 93 1. 00 0. 93 0. 74 0. 5 1 0. 30 ( 1 2 ) 

0. 28 0. 47 0. 69 0. 86 0. 93 0. 86 0. 69 0. 47 0. 28 

0. 22 0. 38 0. 55 0. 69 0. 74 0. 69 0. 55 0. 38 0. 22 

0.15 0.26 0.38 0.47 0.51 0.47 0.38 0.26 0.15 

0. 09 0. 15 0. 22 0. 28 0. 30 0. 28 0. 22 0. 15 0. 09 

[0042] c<0cfc3fc^xi7*m>T, jsmaiofo. v)^^w-mitmmii (u)s*«5;t^S5, & 



*%w\zm^*>nz>¥mitJ3&t unt. ±.mLtz z\t> Lxm^tirz^y-^^^mmmi s (x. y) 

[0 0 4 3] 3) ^Tr. tttx 7 v©?iiaEfig»®ffl tlTttllltS. 

A I eg (x. y) = I s (x. y) - I l (x. y) (13) 

[0 0 4 4] 4) X-y v£.ffiI*§{Ctn>TIftBJiT-5<> SBHti I 0 (x. y) O R, G, B <D 3 feOigMtD 

CCttt, -#J<hUT^3T^;^tC±3x-y v&ttS£ r , D G , D B SlUSitS (Visual density) D V 

«;S^jiUTi5iBj-r-5.^. *^BflttrntcK^$n-S)iR n. a&ittti*: (14) tc^L7tJ:5ic. r, g, b 

■ptttt^. O3feC0SSfflD R , D G , D B i=a*^SCr, g, b 

[0 0 4 5] mJ&UI : SrSKtTSIKiiS (Visual density) D v fc^$-f&fc© 

X-yv^W^fT^KHC. ft-f, R , G,' BTffllll©*!^ T'$>2>. 

D V = (r Dr +gD G +bD B ) / (r +g + b) (14) 

l*«tLTB. mz.it. r : g:b = 4:5:l© r : g : b = 3 : 6 : 1 

<fc3££{i£ffl!^£o CCD^m^rfTOWtt. R, G, BT r : g : b = 4 : 5 : 1 

ffiH«*i^&tt-W<X£«4>3-e\ X-y->*^J±iCD*SS r : g : b = 2 : 7 : 1 

«:lRl±£-ti-3fcf*-C*-S. h5®Scd@SJ"1©±#$ teiSK CCT. &gc<Dtfcr : g : btLTift Ll->iOiIS 

tt5X5, x yiS^li^WfeCD^fflt^©^ ffltt^ttnH r+g+b=10. 0T'b$l. 0 

«tt»**, -?-ntt. x.<nwm -esz&mowmmmouwi tLfciti;, g ©li lt. 

&&m-c>i^^mm. mz.it. 3 x 3s«©e5«i* g = 5. 0-7. 0 

ffl^T. ^iftb/«£*^tfStt--5fcs6T&-5. ©iSB©ffit#j!?a:l/H. Jtfc'U r = 10. 0-b-g 
[0 0 4 6] &43, X<y^ttS(C*3tj-^>S^gcr , 

g, b«JB(T©J:'5lcUT^«6^Ci:*<T-#-5. fi*^ [0 0 4 7] ^R/r^ifctc J;£x -y v«ttB . 

ftfc^HTtt. a*-C«*Lfct#CB3t^ (cnii. x^SXBttttitt. ±iE«*»aEDv OH«y-^^e.N 

#3te«fc«S«#*K#*ST*£^3JS,:*'b**at) . e xN E ia^roSB^J^^giboo. SB^Jl^coia^SSS 

-r^^-s^w^c^^fecoiii^^— ^cDS^«gc*^# ifr£5S; (is) ^fflv^r. -¥-©^esro^3fe?i-^^fi 

SnTiJC. TE0>«fc3fctta*-«Wfc»lJ& E XN E ) tt. tfta»«*J:tfttJMlffi£#*LT»i[ 

(tLta^nTtss (iiaxifiUTtt. Hmsssfe, &»nti«fc^#, mz.itzx.3. SiKttsxsggio 

(6) , 4 1 5 (1 9 9 4) tfi&Ki. fetioTISS [0 0 4 8] 

a i; = { — ZZ (D ij -<D» ! } ,/! (15) 

N E 2 i i 



fzfzL. DijiZmPffftMZmW-? -5N E XN E ©hsik 
MfflSST. <D>«-E-©BS?iJ©¥^il«T*. TfBsS 

(16) (D&vizmznz. 

1 

< D >= — ZZ D ; j 

Ne 2 i ; 

[0 0 5 0 ] 5) friZ. X-y^&WK<fc-5'&4#M*£<i:X 

JilExC (15) &£ZS (16) (C^r^^ma (x. y) 

frb, Tiea; (i 7) *j=tz>* (i 8) <D^o\zwmmm 

W E (x, y) = L {a (x. y) } 
W C (x. y) = l - w E (x. y) 
Z.Z.-Q. ±!2iC (1 7) (C^fLUT^^L {a (x, y) 



[0 0 4 9] 
[i& 3] 

(16) 

m 0l>yt>7vzr^--7)V (LUT) £&) £froT. 
Xy^«**J«fcZWatt«*©a*#»t«» (5*- *0 W 
E (x, y) &«fcLN'W G (x, y) tztils. a (x. y) 

= o j j"Tr£<S>„ 

(1 7) 
(1 8) 

1 it. TfBSt (19) TStCi:*<-Cf5. 



L { o (x, y) } = 1 - exp [- o (x, y) / a e ] 



(1 9) 



fctfU a E temmttMo (x, y) ©«*«*ftWW 
E (x.y) lCg«TSIRa>«RT. W E = 0. 5£«0f* 
tt£a (x. y) C0Kfia T <tT£<h. 
a E =-ax / log e (0. 5) 

(2 5 6 mm) <DtJ 5— HftTtt 10-100 <£>tg®GD 
ffl^ffSb^o &*3, £<B<fc 3 LUT 



(Look up table) t LTf^j*LT*< <k. «SllcfiT* 

[0 0 5 1 ] Xy^«*(0a*#frtWE (x. y) 
fc»0)#*»»««SCL {o(x.y) > fcbTtt, ±fS5£fC 

TIBS; (2 0) ©J:5 3tt*^>/^>aio 



L {a (x.y) }= 1 - exp {- [a (x, y) ] 2 /a E i 2 } (2 0) 



fctzL* aEitta(x.y) ^bW E (x, y) lz&&~r Z>«i<b 
We =0. 5JC»0«-W4a (x. y) ©HISa 
T £T££, 

a E1 2 =-a T 2 / log e (0. 5) 

T&£ 0 a T GDfite, £-£8 bit (2 5 6 P£H) C0^7 
10-100 ©Ki^ttW S 1 Vi 0 ft 

a(x.y) SfUTU #*«*«JCJ:oT, i-r^S*© 



[0 0 5 2 ] *58W»C*5liTXy^*Hiffit 

ltii ±iEiaBT»**iCc!)xyi;ttaiffi^i8«sn* 
fc>w-ett&:<, fi&<oxy^«aiffit)fijfflpiffi-c»s« ± 

E»Bf»«**Et^cDXyi;«kUi&Jc»4, 

BJ:*^U — *£LT, Prewi ttcD^T^l/ — Sobelco 
Robertstf^^U — ^&£#*£>£o Rober 
tsco^-^l/-^^TfBS: (2 1) TSbtCi:^^ 



g(i.j) = {[f(i.j) - f(i + U + l)] 2 +[f(i+l.j) - f(U + l)] 2 } 1/2 (21) 



->Cffi^n3X3f>yu-h^ffl^^) Robinson 

[0 0 5 3 ] »«£XyS?<DlIlgU • ^KXSJC^ 

-yj, XyS^ttlB«*<0±tUT**flEO»««»t* 



X7yi»?^3>h7Xh(:fe#lt^D, llftfc 
J; oT** »flE»4«/ha:'b«>*6##K: 

[0 0 5 4] 6) )k\Z, ttttfcXy^©|»8iJ • »«X8 

Ma«^6«mbfc«^ft:<^x^^*fflViT*»fc5ett 
■s^-* mmmm ai E g(x, y) izmwrzch 

«««c*ttsa«««<oit*(Z)iKVi*3[««»Go (x. y) 



Go (x, y) =W G (x. y) x A I eg (x. y) 



(2 2) 



0 (x, y) ©»«J4, T8B<BiS (2 3) -C*-r**»3C» 



[0 0 5 5 ] ^SBWKSS^Ttt, 

T&fo^ 8IIAD(x,y) GVh3lr>flM»tt* 

G 0 (x.y) =LUT (AD (x.y) ) (2 3) 

fc£U LUTIi 

LUT (AD) =ADX exp [- (ADlVac 2 ] (24) 

T% a G 2 tt8^<0*«£tt<&HttGT [0 0 5 6] ttttOttKXKjOHttGT tt. Si 

T\ tttxy Wfe&mmj 1 -? & I eg(x. y) O^T, 

a G 2 =_g T 2 / log e (1/2) iKTO«*«ftttfittT»Si:Mtt)©T»«^, 

T**>. 5£ (2 4) d^^SJCWSi'StC, C<&HfilS:«HCo n 



4. C©J;3£#l6a**LUT*#*a«*H*NL 

G o (x. y) = N L G {A I EG 
[0 0 5 7] tC5T', «^K«)K»JHfitGT ft 

/giflcDn X nilfjtCDSS^fJj^f&LT, vt- y*X 
TrSlU •€-ntC*0*^T&W<D^S"jr»3fiGT £&363~ 

[0058] *5-¥K«3e*r»©««tt. a*, v-f 

0 50=^48^ A48/V" A sc 
A48«4 8 At *©B8PCDffiSlT"*-5. fcti 

o S c = °4$J~ A4s/f~ A12 
o sc' =P"sc 

ta:*. tatt©MB"jH*GT ajar^m*© 
m^fcjt0y-r-5«. -r^t)*.G T =k G ct sc ' »t 

fcfc'l/, k G «5£8cT, 1. 0~3. OOM^jff 
SIK G T ©fflSra &K)±%<-rtU1t-?Z>teiZ%LmZ 

[0060] 7) na (ffi) ttttric^tesif&ttSE^© 

■V&Zfttb. 7,*vi-T'7£g.LtzR, G, B©=&fec75H 

G L (x, y) = [Si (x, y) 
fcfcU Si (x, y) tS 2 (x, y) tt, ftlfn. TIBS: 
(3 0) *i=fct>* (3 1) T«Sn*»BfWtt8rtKU:«fc* 



GtLTSbL, ±fBs£ (2 3) &<iiZfi (2 4) *#fig 
TSiTiCfcO, !KttPS»Go(x. V) Sr. JLIESC (2 2) 
OfttiOC. TKiS (2 5) tlsTmt>?Z\iibT~g 

•So 

:. y) XW G (x. y) } (2 5) 

0 □T f >'> h* — ^Srffl^T. 4 8 ti <f><£>SJl5i£l«P£ffl 

lKlW7-*^7-f^A, 0iJ*j£Super G ACE 100, 2 
00, 400, 800 (^-rnt»*±¥*7-f;uAttH) 

te4~5©« (RMSKttSo48* 1 0 0 OfgbfcflT 
^TKLfcfcO) <h&oT(^&. r©7^ JUASrPiPfflS 

£n*iSelwyn©KtR,K<£>5£S = a V~A£ffl^T. ±IE4 
8 At <f)©HfiPT-?fli|^L^RMS^«S a 48*^6*5: (2 
6) T'i»t4ut^#5. 

(2 6) 

>ymSP£ 1 2 At <f> (HJQffi«ttAi2) 

0.016 (27) 

[0 0 5 9] ->-^-y^X^PSrfTo7t<t#tC^Sa 

(2 8) 

T^&tK (c J: -5 16 £ Sri^S'J-T -5 

[0 0 6 1 ] fCT, *%^(C*5^T. iSS^lfjCO^^ 

(cMIE«ftV>75<. H3Si(x. y) 4W>tt5nXnI^E 
?|J (fcfc*L-nB3, 5, 7fSScD*#£) fr£>Tffi©5$; 
(2 9) £«?J:5ttAffitttlfrR«ffcGL (x. y) £*tf> 

S 2 (x. y) ] / 2 (29) 
[0 0 6 2 ] 
[&4] 



(rv-D/2 <n-!>/2 



Si(x.y)= {(1/n 2 ) Z T [Go (x+i, y+j) -<G 0 (x, y) >] 1 } 



\/2 



(n-1> /2 



■— (n— 1) / X 



(3 0) 



<n-1) /2 



S*(x,y) = { (1/n 2 ) Z Z [Go (x+i, y+j)-G 0 (x. y)] 2 ) 



Cr>-1) /2 



[0 0 6 3] ±teiC (30) T'^StlS S i (x, y) (4. n 
t>0t, ±IBS; (3 1) fI3n5S 2 (x, y) li*'CMliSSS 

S 3 (x, y) = { (Go(x, y+l) -G 0 (x 



(31) 

^ifrG L (x. y) ©l^^^tC5«ISSMM^ 
<. G L (x, y) ©fg^/h$^i^^.Tr«fe*S«^< 
ft*©T. W**«»9JL. fl-HT* eta*"*?**. 
[0 0 6 4] ±IE^: (2 9) -tf^ft-s^Bfttfi 
4K£&©:Gl (x.y) ic. 3 (3 2) ©J:-5fc»ia 

B*P B 1©igS£JSBS3 (x, y) £irax.T I k&^= 



y+l) 



) 2 
) 2 
) 2 
) 2 
) 2 
) 2 
) 2 
) 2 



+ (Go(x+l.y+l) -Go(x. y+l) 
+ (G 0 (x+1, y) -Go(x+l, y+l) 
4- (Go(x+l. y-1) -Go(x+l, y) 
+ (Go (x, y-1) -Go(x+l. y-1) 
+ (G 0 (x-1, y-1) -G 0 (x. y-1) 
+ (G 0 (x-1. y) -G 0 (x-1, y-1) 
+ (G 0 (x-1. y+l) -G 0 (x-1, y) 
^ntZte. ±ESC (2 9) 14. TfB^ (3 3) ttz Z>. 

G L (x. y) = [ Si (x, y) + S 2 (x, y) +- S 3 (x. y) 
[0 0 6 5] C3UTS6nfc«BfWfitt«»GL (x. 
y) L9c\Zi£ito%nT^rzmkf&.ftGQ (x, y) rfr>£. S5 
atette£5+G Ag (x. y) ctfejftettJSfrGDye (x.y) &. 

GAg(x. y) = G 0 (x.y) XG L (x, y) /G L max 
Goye (x.y) = Go (x, y) -GAg(x. y) 
;;T, GLmax®<i«> H«^*©Gl (x.y) ©&*<i 

fg) iirfeg<. sfcamtc^sns/Noywb^ja 

H^^-^^\ R , G, B#fi8bi tt*S&6H 

10-10 0 ©aSSHICA&flrtWS Lt^o 

GAg(x. y) ' = a Ag XG A g(x, y) 
GDye (x, y)' = aDye X GDye 

[0 0 6 7] 9) mmz. i/v-zfz-z&mwm^bo) 

^xttWiBfil I s (x. y) MSfettWiS'M 



(3 2) 



1/2 



/8 



/3 (3 3) 

^-n^'nTta^ (3 4) &£Zt (3 5) f;:J;oT3fc«&-5 

(3 4) 
(3 5) 

[0066] 8) m&mikt&mmK<?>mffli$.ft<DWiti 
_hi3S: (34) ic«fc^T#5nfc«ie*M*rit$*GAg(x. 

y) C»ftl3e»aAg**i;fct>«3*«fi«i««ilWJsK»G 

Ag(x.y)' tu. -^r, ±ihs; (3 5) iCcfcoTf#t>nAc 

fe^e«^»G D ye (x, y) (C«lfl5iJ^^a D ye SrJRDfcfc 
©*fe*«MK«II&U£#GDye (x. y) ' tt4. 

(x. y) (36) 
#G Ag (x. y) ' £&mm.WfflmmftGv ye (x. y) • ^r^L-^l 

^t. i/*—7*x j &mwmi s s*e*5 

II (x, y) =Is (x, y) — G Ag (x. y) ' — G Dye (x.y)' (3 7) 
Z. o LT. H(ia«Io(x.y)*»6ttttJte^O>''fX*«»IW Ii(x,y)S»5Ct)5<TfS. #fg?3<©iS{gi$!lS#ffi*5 



co 0 6 8] *mw<D ; r4is?)im@i<?)S'(XfflM*$& 

ffisoo, i i 4 AncDnmw i ~ 5 Kgeftsn-ct^ 

■oTwmMr&z'fT^mz, ^(Dwmmwizis^T, mi 
&&ztm2 izTjk-r^&w'Dmm&mmm.z&ML, m3 
\z7BT*mw<D®.vifflffl • isY-T'z-x&mvmm&w 
jsmzmfavfcLcz, mMizftLVitfmmzn. ^o-> 
v - t. *^(@ tc is] ± l mm t>m <e> nt . 

[0 0 6 9] *5gHJ©H^Ma*?*^. *^»/\ay> 
■*-£*>■&. rfc*)*. ;UA*s 

^nts^- u n-D-;i/7>f juAicit J£ Lfc^*Hfc ( 3 

5mm. Xn — - — . ff^yXfAAPS, l/>Xft 
7-c;UA (LF) , -f>X^>h) ^CiflCjgfflLfct- 

[0070] ftfc. _ta!Lfe«T(i. ->-^— y^x^ia 
>ft««t ; f^»s*««t ; f-& if cd e. ft z> m e a 

ttJSfl- £ . fi*Sfc £ K J; * fi*«#J«# d: (CN9J I- T 
X .y 5?«*(c*iHT»4. &tfc«JfWft if© y -f X»9l*ff 

«tSftt). iyyiSiOir/lili. fettH*<!t<. 

must?** <=> * & ffi&tKft t* ic j: £ n e t fe^s 

[0 0 7 1 ] Sit. «**5-^»S3t*«BHc*tt*H 

witi>5*i, &m^yi>mtmz£tLTmm$: 

ffl&K. tsL*>> Iy5?fll«0«x<yi;«»4. en8'is« 
©§K£© <fc 5 (Ciii^x v^fft&£BR3£fcii-33&*£5g 



Xy^HWfflfcMViXy^lllqjjJtaoTL*^. H 
iiLT»Sl<S;<fi;otl/S5. C©fc«>. X-y>? 

®&^{cj;?)iia^(4i^*i±-r. HRi6i±©fc»tca-r 

©rtWSL^tft. $ SKJfr £L< f4. J^iffl^cD^ffifcj^ 

[0 0 7 2 ] ft&. _hS£LfcIft9m4, ffi&777-^JH 
1*C»«»I1FIB8 0 0. 1 1 4A^{CfB«^ 
nT^-5>^7tW*4(CfiJ#$n«.iS^IC*5^T(4. §ift!ffi 

Wfttirns^ *%B^(4cn(c(E^$n-r. 

tf, !f$lffl¥8-8 9 9 7 7#4i«tc!E»©K5^5£3gg|5 
»(c«fc-5a&gft£:©«fc3l;:. Aay>Wa*fflHT 

n e *t« (4 s t h e m. mm®.? \z =t o rstis $ n 

*^Bj(ri3ViT(4. S#t5*I«/\P 
J;n;i<if4fc-£;5A,T' <&-&., 

[0 0 7 3 ] *5J^(:i5r^ ^:?;uH®©7-r TTttlf&J 
iSJztfv- f -X*X^13©fcJ6©iIIf£®S;S*£*5cfcZ>*^ 

l^T. ffi*©a:fi*J«fctflStKD^MS:fToT«t^c:i:f4 
[0 0 7 4] 

ttttttffiiaiWK:««fl:3n*©T. «^.tf, SJS77 7- 

[0 0 7 5] Sfc. ^^BJ^, ^*«3t« 

5ft^*. Tftt>*». f&vttf&m-gnmnmiz^teizji 
tf. s^^©y-f X(4->-^-7 p ^y;^p$n. ^FpIWic 



-So 

[0 0 7 6] £<=,(C. #f£HJ!2:. r-f/^^XfW/ 
5&£KJ:oT»«£nfcH«K:Bffl'r*£. R, G, 

t1Zb%* Sftf/HX. JlftX? (CCD^-MOSi 

tJkffflR, G, B(0fefflH&#-rS<k-5^/-f X*> 
7-f^77^ ht, 7* hW-fX-^fg^lElSS^a)** 
$t^CD^>^Ancy-rXi:€r^!?iJ • 

[0ffi©ffil£ftl£gi] 

[01] #5£iBl::«£Hfc&3gg£ffl*j^fc\ # 
[0 2] ^SgHfltcffiS&ttWifM • ->r-X*x3£SBro 



[0 3] *fgWO^&«lS<Jbt50vA'-^7 > &Si 

10 *7-IM4->XfA 

1 2 HfgiATjge 

1 4 nft&ggS 

1 6 H^ttl^SH 
18 ft • n?&3tt 

2 o &tt#pM • s/r-^xMiiBttiaaa 
22 istz^ • wmt&mrt^t-p&jg.B 

2 4 ^-X^X&HMSgB 

2 6 w-mitmm® 

2 8 lyi?-li:«H6EriE»ttffl» 

3 0 x-yv£tfctSSE 

3 2 &ttffi*&&ttt*ffi&tt*ffi 

3 4 «ttJ$£-M8iJfflBffi 

3 6 m^HtaiSitgE 



[0 1 ] 



[0 2] 



12 



14 



10 



Btt 











^-18 



.20 



XT 



16 



Ii ; 











Z2 



20 



24 
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